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ABSTRACT 



The orientation of the rotating direction of an optical fiber in 
an optical fiber array takes the positional axial displacement 
into consideration. In a method of aligning the orientation of 
optical fibers, or the axial displacement in an optical fiber 
array having a plurality of optical fibers, and an optical fiber 
holding member, an enlarged image of the optical fiber is 
obtained for each of the optical fibers using an image 
pick-up means. Then, a distribution of the characterized 
image corresponding to the positions in the radial direction 
of the image of the optical fiber are obtained from the 
enlarged image. From the distribution of the characterized 
image, the orientation of the rotational direction to the center 
of the optical fiber, or the positional axial displacement of 
the core center, is measured. Based on the measured result, 
the orientation of the rotational direction, or the positional 
axial displacement to the holding member of the optical 
fiber, is aligned with an optical fiber rotating mechanism. 

27 Claims* 20 Drawing Sheets 
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METHOD OF ALIGNING OPTICAL FIBER polarization-maintaining optical fiber 36, the major axis 48 

TO OPTICAL FIBER OR OPTICAL FIBER and the minor axis 49 of an elliptical jacket 47 become the 

TO OPTICAL ELEMENT AT JUNCTION AND main axes of birefringence, as shown in FIG. 20. Therefore, 

OPTICAL FIBER ARRAY the main axis of birefringence can be set to nearly the 

BACKGROUND OF THE INVENTION fiber mounted on a holding member using an aqueous 
The present invention relates to a method of ali gnin g solution of hydro-fluoride to form a step between the jacket 

optical fibers and to an optical fiber array used in a junction portion and the other portions, so that the shape of the jacket 

of an optical fiber to an optical fiber, or in a junction of an portion is observable, and by rotating the output port of the 

optical fiber to an optical element used in an optical 10 optical fiber, while the enlarged image of the optical fiber is 

waveguide, such as an optical fiber gyroscope, an optical observed using a CCD camera. 

modulator, and an optical switch. Next, the output light is collected by a photo-receiver 41 
As an example of a junction between an . optical through a third lens 39 and an analyzer 40. and the rotational 
waveguide and an optical fiber with axially asymmetric position of the input port which results in minimum polar- 
refractive index distribution, there is an optical fiber array 13 ization cross-talk is obtained by rotating the input port of the 
using polarization-maintaining fibers. The method of align- optical fiber and the analyzer 40. while the output of the 
ing the angle of the rotating direction of the polarization- photo-receiver 41 is monitored. When one of the main axes 
maintaining optical fiber, that is, the method of aligning the of birefringence of the optical fiber at the input port agrees 
main axis of birefringence, involves aligning the angle of an vvith the oscillatory direction of the electric field, the oscii- 
optical fiber to an optical fiber holding member using an 20 latory direction of the electric field of the output light from 
angle of linear polarized light at the output port of the optical the optical fiber becomes linearly polarized light parallel to 
fiber obtained by propagating linear polarized light having one of the two main axes of birefringence. Then, the 
the oscillatory direction of its electric field parallel to the direction of the analyzer 40 is set to the desired direction of 
main axis of birefringence in the optical fiber. ue axis of birefringence, and the main axis of hire- 
For example, as seen in FIG. 18, the rays of light emitted 23 l*wgence ia aligned with a rotational direction where the 
from a semiconductor laser 31 are formed into nearly 0Ut P ut of photo-receiver 41 becomes a maximum or 
parallel rays of light using a first lens 32, and the parallel nunimum value by rotating the output port of the optical 
rays are formed into linearly polarized light using a polarizer fiber within fte error of alignment using the 
33. Then, the polarized light is concentrated using a second near-field pattern or the far-field pattern in the case of the 
lens 34 adjacent one end of a polarization-maintaining 30 elliptical core optical fiber, or within the error range of the 
optical fiber 36 supported by a holder 35, rotatable around alignment using the enlarged image of the port in the case of 
the center axis of the core, so the light is propagated inside me em P tical jacket type polarization- main ta inin g optical 
the optical fiber. On the other end, the optical fiber radiating fibcr ' foT sample, within ±10°. 

the propagated light is mounted in a V-shaped groove (not 1° & c aforementioned conventional method of aligning 

shown) in an optical fiber holding member 37 alter passing 35 the main axis of birefringence of a polarization- maintaining 

through a holder 35, which is rotatable around the center optical fiber 36 to a desired direction, it is required to 

axis of the core, and a cover member 38 is placed on the perform various kinds of processing other than rotating the 

optical fiber holding member 37. optical fiber 36 mounted on the holding member 37 around 

Since the polarization-maintaining optical fiber has two ^ tbc ccater axis of the core as the approximate rotational axis, 

main axes of birefringence intersecting at a right angle, it U is required to form flat end planes in the both ends of 

cannot be determined which main axis the oscillatory direc- the optical fiber for input and output coupling of light The 

tion of the linear polarized light propagating inside the alignment is required to couple the tight which passes 

optical fiber is parallel to unless the approximate angle of the through the first lens 32, the polarizer 33 and the second lens 

main axis of birefringence is known. 45 34 to the optical fiber 36. The alignment of the rotational 

For this reason, when the alignment of the angle of the direction of the input port of the optical fiber 36 is required 

main axis of birefringence is performed using only the t0 change the fight propagating inside the optical fiber 36 

oscillatory direction of the electric field of the linear polar- int0 linearly polarized light having the oscillatory direction 

ized light radiated out of the optical fiber, there is a possi- of ^ e electrical field parallel to the main axis of birefrin- 

bility of selecting a different angle from the desired angle by 50 gence. This means mat in order to perform an alignment of 

90°. Therefore, in any alignment procedure using the angle ^e angle of the main axis of birefringence of the output port 

of linear polarized light it is necessary to align the main axis of *c polarization-maintaining optical fiber mounted on the 

of birefringence as nearly as possible with the desired holding member 37, it is required to perform alignment of 

direction and to limit the range of rotation of the output port the angle of the main axis of birefringence of the input port 

of the optical fiber within the error range of this alignment 33 On the other hand, in order to align the main axis of 

In a case where an elliptical core optical fiber 42 is used birefringence to the desired direction in advance, it is 

as the polarization-maintaining optical fiber 36, the major required to observe the near-field pattern of the output light 

axis 44 and the minor axis 45 of an elliptical core 43 become from the optical fiber 36, in the case of using the elliptical 

the main axes of birefringence, as shown in FIG. 19. core optical fiber 42 as the polarization-maintaining optical 

Therefore, the main axis of birefringence can be set nearly 60 fi Der 36. or the enlarged image of the surface of the output 

to the desired direction by rotating the output port of the port of the optical fiber, in the case of using the elliptical 

optical fiber mounted on a holding member, while a near- jacket type polarization-maintaining optical fiber 46. 

field pattern of the output fight from the optical fiber is As a result every time an optical fiber array using a 

observed using a CCD camera (not shown) or a far-field polarization-maintaining optical fiber is produced, it is 

pattern of the output light projected on a screen (not shown) 65 required to move and rearrange the CCD camera or the 

is observed In a case where an elliptical jacket type screen, the third lens 39, the analyzer 40 and the photo- 

polarization-maintaining optical fiber 46 is used as the receiver 41. In addition to these, in a case of using the 
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elliptical jacket type polarizadon-maiiitaiiiing optical fiber SUMMARY OF THE INVENTION 

46, it is also required to etch the end surface using an first object of the present invention is to solve the 

aqueous solution of hydro-fluoride. Since directing the main abovc proems and to provide a method and an optical fiber 

axis of birefringence of the polarization- m ai nt ai n i n g optical holding structure and a junction which are capable of 

fiber to a desired direction requires various kinds of 5 ^g^^ mc rotational direction in a junction between an 

processing, as described above, and also requires much time, optical fiber, having an axially asymmetric refractive index 

it has been difficult to decrease the number of man-hours or distribution, and an optical waveguide easily in a short time, 

the time needed to produce an optical fiber array using a ^ sccon(t Qf ^ prcscnt mveiltion is t0 the 

polarization- maintainin g optical fiber. aD ove problems and to provide a method and an optical fiber 

Further, if an optical fiber array is produced using plural 10 ^ wn ich are capable of aligning the orientation of the 

optical fibers having an axial displacement of 0.5 urn, the rota ti onal direction of an optical fiber in an optical fiber 

error in the distance between the cores of adjacent optical array ^ consideration of axial displacement 

fibers to a desired pitch becomes 1 um at a maximum. A ^ of me pe$eQt invention is to provide an 

Therefore, it is difficult to decrease the coupling loss due to alignment method which is capable of identifying points of 

positional displacement in the junction of the optical fiber »5 ^ ^ ^ vahjc md a peak value in a 

array and a plurality of optical waveguides formed in an brightness profile with a high accuracy and which is capable 

array. 0 f aligning an angle of an optical fiber with a high accuracy. 

Since the mode field size of the propagating fight inside ^ to a ttain the first object and the third object 

an optical waveguide and an optical fiber becomes small as ^ described above, the present invention is characterized by a 

the wavelength of the light propagating inside the optical m ethod of effecting alignment between optical fibers having 

fiber is short, the increasing amount of coupling loss for the ^ ^ally asymmetric refractive index distribution or 

same amount of displacement becomes large. Therefore, in between an optical fiber and an optical element in a junction, 

a system using short wavelength Ugfrt, such as a photo- ^ mctrio d comprising the steps of viewing the optical fiber 

sensor, it is important to decrease the error due to axial ^ ^ om a direction lateral to the propagating direction of light 

displacement of the core in the core pitch of the adjacent in ^ qj [)CT usin g m image obtaining means to obtain an 

optical fibers In an optical fiber array. Further, in a case of enlarged image of the optical fiber, obtaining a distribution 

using a low cost elliptical core type polarization- m a intainin g of me imz ^ c characteristics corresponding to the radial 

optical fiber, since the mold field size in the direction of the positions of the optical fiber image from the obtained 

minor axis of the elliptical core is small in comparison to ^ enlarged image, adjusting the image obtaining means so that 

that in the major axis, it is important to produce agreement ^ image characteristics at outer peripheral portions of the 

between the axial positional displacements in the direction optical fiber are maximized in the distribution of the image 

of the minor axis for all of the optical fibers composing the characteristics, measuring an orientation of the rotational 

optical fiber array. direction around the center axis of the optical fiber from the 

However, in the conventional method of aligning the 3J distribution of the image characteristic after said adjusting, 

rotational direction of a polarization-maintaining optical and aligning the orientation of the rotational direction of the 

fiber, it has been impossible to perform alignment consid- optical fiber with an optical fiber rotating member based on 

ering the axial positional displacement, since it is required to mc measured result 

perform various kinds of processing as described above, and According to the present invention, by viewing an optical 

the alignment takes a long time to perform. w fiber from a direction lateral to the propagating direction of 

On the other hand, a method is described in Japanese guided light using an image obtaining means, an enlarged 

Patent Application Laid-Open No. 1-147506 (1989), in image of the optical fiber can be obtained. By performing 

which a constant-polarization optical fiber is observed with image processing on the obtained enlarged image using an 

direct view method using a TV camera, and coarse align- image processor, a distribution of the image characteristics, 

ment of the core in the 9-direction is performed by rotating 45 such as a distribution of the light intensity, corresponding to 

an optical fiber in the ^-direction until the images of the the radial positions of the optical fiber image, can be 

optical fiber in the right and left sides are observed to be the obtained. The distribution of the image characteristic is 

same. A brightness profile of the image of the optical fiber represented by a different characteristic curve depending on 

obtained by mis method is as shown in FIG. 27. The the orientation of me rotational direction of the optical fiber, 

brightness profile varies depending on the direction of the » and this has a high rcprodudbiiiry. Therefore, a rotational 

stress applying portion. Approximate aligning of the angle angle around the center axis of the optical fiber is measured 

of the optical fiber is performed by utilizing the changes in from the distribution of the image characteristic. Based on 

the brightness of the upward peak value or the downward the result, the orientation of the rotational direction of the 

peak value in the middle portion or in the portions a at both optical fiber using an optical fiber rotating member to 

outer sides of the middle portion b to e. 33 achieve alignment can be attained. 

In this method of utilizing a brightness profile, the bright- In order to attain the second object and the third object 

est portion, which is brighter than portions of the outer the present invention is characterized by a method of align- 

peripheral surface, always appears in a middle portion ing orientations of the rotational direction of optical fibers in 

between portions a and e in the optical fiber. an optical fiber array having a plurality of optical fibers and 

According to an experiment conducted by the inventors, 60 an optical fiber holding member, the method comprising the 

using the above method, identification of the points a to e steps of obtaining an enlarged image of the optical fiber for 

cannot accurately be performed, because of the difference each of the optical fibers using an image obtaining means, 

between the upward peak value and the downward peak obtaining a distribution of the image characteristics corre- 

value of the brightness in the middle portion a or in the spending to different radial positions of the optical fiber 

portions at both outer sides of the middle portion b to e. 65 image from the obtained enlarged image, adjusting the 

Therefore, the above method may be used in practice only image obtaining means so that the image characteristics at 

fc* performing coarse aligning of the core of an optical fiber. outer peripheral portions of the optical fiber are maximized 
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in the distribution of the image characteristics, measuring an 
axial displacement of the core center to the center of the 
optical fiber from the distribution of the image characteristic 
after the adjusting, and aligning the axial displacement with 
respect to the optical fiber holding member using an optical 
fiber rotating mechanism 

According to the above construction, by viewing a plu- 
rality of optical fibers from a direction lateral to the propa- 
gating direction of light in the fiber using an image obtaining 
means, a plurality of enlarged images of the optical fiber can 
be obtained. By performing image processing on each of the 
plural obtained enlarged images using an image processor, a 
distribution of the image characteristics, such as a distribu- 
tion of the light intensity, corresponding to the radial posi- 
tions of the optical fiber image, can be obtained The 
distribution of the image characteristic is represented by a 
different characteristic curve depending on the orientation of 
the rotational direction of the optical fiber, and this has a 
high reproducibility. Therefore, the rotational angle around 
the center axis of the optical fiber is measured from the 
distribution of the image characteristic. Based on the result, 
the axial displacement of the core with respect to the center 
of the optical fiber can be detected and the pitch between the 
cores can be set to the pitch of the core of the optical 
waveguides by rotating any of the optical fibers. 

In order to align the main axis of birefringence with a high 
accuracy and a high reproducibility, it is very effective to 
adjust the distance between the image pick-up camera and 
the optical fiber so that the upward peak value of light 
intensity of the image at the outer periphery of the optical 
fiber is maximized 

Another aspect of the present invention relates to an 
optical fiber holding structure in which the optical fiber is 
held while being viewed from a direction lateral to the 
propagating direction of the guided light using an image 
obtaining means to obtain an enlarged image of the optical 
fiber, distribution of the image characteristics corresponding 
to the radial positions of the optical fiber image being 
obtained from the obtained enlarged image, the image 
obtaining means being adjusted so mat the image charac- 
teristics at outer peripheral portions of the optical fiber are 
maximized in the distribution of the image characteristics, 
an orientation of the rotational direction around the center 
axis of the optical fiber being measured from the distribution 
of the image characteristic after adjusting, and the orienta- 
tion of the rotational direction of the optical fiber being 
aligned with an optical fiber rotating member based on the 
measured result 

A further aspect of the present invention relates to a 
junction in which the optical fiber is viewed from a direction 
lateral to the propagating direction of light in the fiber using 
an image obtaining means to obtain an enlarged image of the 
optical fiber, distribution of the image characteristics corre- 
sponding to the radial positions of the optical fiber image 
being obtained from the obtained enlarged image, the image 
obtaining means being adjusted so that the image charac- 
teristics at outer peripheral portions of the optical fiber are 
maximized in the distribution of the image characteristics, 
an orientation of the rotational direction around the center 
axis of the optical fiber as the rotational axis being measured 
from the distribution of the image characteristic after the 
adjusting, and the orientation of the rotational direction of 
the optical fiber being aligned using an optical fiber rotating 
member based on the measured result 

A still further aspect of the present invention relates to a 
method of aligning orientations of the rotational direction of 



optical fibers in an optical fiber array including a plurality of 
optical fibers having an axially asymmetric refractive index 
distribution and an optical fiber holding member, the method 
comprising the steps of obtaining enlarged images of the 

5 optical fiber in various rotational directions with respect to 
the center axis of the optical fiber from a direction lateral to 
the propagating direction of a guided wave in the optical 
fiber for each of the optical fibers using an image obtaining 
means, obtaining a distribution of the image characteristics 

10 corresponding to the radial positions of the optical fiber 
image from the obtained enlarged images, aligning a pre- 
determined specific axis on the cross sectional plane of the 
optical fiber to die optical axis of the image obtaining means 
by detecting that orientation of the rotational direction of the 

IS optical fiber which will provide a predetermined distribution 
of the image characteristic, measuring an axial displacement 
of the core center to the center of the optical fiber from the 
distribution of the image characteristic, and aligning or 
presetting the optical axis of the image obtaining means to 

20 the holding member for each of the optical fibers so that the 
orientation of the specific axis is directed in a desired 
direction with respect to the optical fiber holding member 
when the specific axis of all the optical fibers are aligned in 
parallel to the optical axis of the image obtaining means by 

25 rotating die optical fibers, in which the positions of axial 
displacement do not agree with the desired positions, or in 
which more than a half-number of the positions of axial 
displacement do not agree with the desired positions by 
180°. 

30 A further aspect of the present invention relates to an 
optical fiber array having a plurality of optical fibers and an 
optical fiber holding member, wherein an enlarged image of 
the optical fiber for each of the optical fibers is obtained 
using an image obtaining means, distribution of the image 

35 characteristics corresponding to the radial positions of the 
optical fiber image being obtained from the obtained 
enlarged image, the image obtaining means being adjusted 
so that die image characteristics at outer peripheral portions 
of the optical fiber are maximized in the distribution of the 

40 image characteristics, an axial displacement of the core 
center to the center of the optical fiber being measured from 
the distribution of the image characteristic after adjusting, 
and the pitches of the cores being adjusted or made uniform 
by aligning the axial displacement to the optical fiber 

45 holding member with an optical fiber rotating mechanism 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view showing the outline of the 
main part of an embodiment of an apparatus using a method 
in accordance with the present invention of aligning the 
rotational direction of an optical fiber having an axially 
asymmetric refractive index distribution. 
FIG. 2 is a flow chart showing the steps of the method of 
55 aligning the rotational direction of an optical fiber using the 
apparatus of FIG. 1. 

FIG. 3 is a diagram showing the relationship among an 
image pick-up camera, an optical fiber and a light source in 
the apparatus of FIG. 1. 
6o FIG. 4 is a graph showing the characteristic of light 
intensity at a distance between an image pick-up camera and 
an optical fiber of L M where the upward peak values 1 and 
r of the light intensity of the image in the outer peripheral 
portion of the optical fiber are maximized 
65 FIG. SA is a schematic view showing an elliptical core 
type optical fiber where the angle between the optical axis of 
an image pick-up camera and the main axis of birefringence 
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in the direction of the major axis of the elliptical core is (f , an indention having a circular cross section formed in a base 

and FIG. SB is a graph showing the light intensity distribu- plate manufactured in such a way that the end surfaces of the 

tion under that condition. optical waveguides are exposed. 

FIG. 6A is a schematic view showing an elliptical core fig. 18 is a schematic view showing a system for aligning 

type optical fiber where the angle between the optical axis of 5 the main axis of birefringence of a polarization-maintaining 

an image pick-up camera and the main axis of birefringence optical fiber in accordance with a conventional method, 

in the direction of the major axis of the elliptical core is 5°, pj G w fa a fo&mnstic view showing the main axisof 

and FIG. 6B is a graph showing the light intensity distribu- birefringence & a conventional elliptical core type optical 

tion under that condition. ^ber. 

HO. 7A is a schematic view showing an elliptical core 10 dH^umtHe view showing the main axis of 

r^^SSS^ h^nceofa^tionaJcUiptic-jac^^^cal 

in the direction of the major axis of the elliptical core is 45°. „ , a 

and FIG. 7B is a graph showing the light intensity distribu- ™ 21 is a flow chart showing fce process flcj in 

tion under that colon. 15 another embodiment of amethod d ^aligning , the : national 

FIG. 8A is a schematic view showing an elliptical core of an optical fiber m accordance with the present 

type optical fiber where the angle between the optical axis of invention. 

an image pick-up camera and the main axis of birefringence FIG. 22A is a schematic view showing an elliptical core 

in the direction of the major axis of the elliptical core is 90°, type polarization-inaintaining optical fiber where the angle 

and FIG 8B is a graph showing the light intensity distribu- 20 between the optical axis of an image pick-up camera and the 

tion under that condition ™ main axis of birefringence in the direction of the major axis 

FIG. 9 is a graph showing the characteristic of light of the elliptical core is 0°, and FIG. 22B is a graph showing 

intensity at the d& L between an image pick-up camera the light intensity distribution under that condition, 

and an optical fiber which is larger by 5 urn than L M where FIG. 23A is a schematic view showing an elliptical core 

die upward peak values 1 and r of the ligit intensity of the *5 type polarization-maintaining optical fiber where the angle 

image in the outer peripheral portion of the optical fiber are between the optical axis of an image pick-up camera and the 

roajumized. main axis of birefringence in the direction of the major axis 

FIG. 10 is a graph showing the chiiracteristic of light of the elliptical core is 90°, and FIG. 23B is a graph showing 

intensity at the distance L between an image pick-up camera the light intensity distribution under that condition, 

and an optical fiber which is larger by 10 um than h u where 30 FIG. 24 is a diagrammatic view of the optical fiber array 

the upward peak values I and r of die light intensity of the taken on the plane of die line A— A of FIG. 1- 

image in the outer peripheral portion of the optical fiber are FIG. 25 A is a schematic view showing an elliptical jacket 

maximized. type polarization-maintaining optical fiber where the angle 

FIG. 11A is a schematic view showing an elliptical jacket between the optical axis of an image pick-up camera and the 

type rjolarization-mamtaining optical fiber where the angle 35 main axis of birefringence in the direction of the major axis 

between the optical axis of an image pick-up camera and the of the elliptical jacket is 0°, and FIG. 25B is a graph showing 

main axis of birefringence in the direction of the major axis the light intensity distribution under that condition, 

of the elliptical jacket is 0°. and FIG. 11B is a graph showing FIG. 26A is a schematic view showing an elliptical jacket 

die light intensity distribution under that condition. ^ type polarizadoo-mamtaining optical fiber where the angle 

FIG. 12A is a schematic view showing an elliptical jacket between the optical axis of an image pick-up camera and die 

type polarization-maintaining optical fiber where die angle main axis of birefringence in the direction of the major axis 

between the optical axis of an image pick-up camera and the of the elliptical jacket is 90°. and FIG. 26B is a graph 

main axis of birefringence in the direction of the major axis showing the light intensity distribution under that condition, 

of the elliptical jacket is 5°, and FIG. 12B is a graph showing 45 HG. 27 is a view showing an example of the brightness 

the light intensity distribution under that condition. profile of an image of an optical fiber in a conventional 

FIG. 13A is a schematic view showing an elliptical jacket apparatus. 

tvoe Dolarization-rnamtaining optical fiber where the angle „ 

2££ the optical axis of S pick-up o^era and the "^SSSSSS^ 

main axis of birefringence in the direction of the major axis ^ PREFERRED embodiments 

of the elliptical jacket is 45°, and FIG. 13B is a graph An emboduiient of me presents 

showing the light intensity distribution under that condition. * iD below, referring to the accompanying drawings. 

FIG. 14A is a schematic view showing an elliptical jacket piG. 1 is a view showing the outline of the main part of an 

type polarization-maintaining optical fiber where the angle embodiment of an apparatus using a method in accordance 

between the optical axis of an image pick-up camera and the 55 with the present invention of aligning the rotational direction 

main axis of birefringence in the direction of the major axis of an optical fiber having an axially asymmetric refractive 

of the elliptical jacket is 90°. and FIG. 14B is a graph index distribution. Here, description will be made of a case 

showing the light intensity distribution under that condition. where an optical fiber array is manufactured by using an 

FIG. 15 is a view showing an embodiment of a modified elliptical core type polarization- main t ainin g optical fiber 1 

holding member for use in the apparatus shown in FIG. 1. 60 as die optical fiber. 

FIG. 16 is a view showing junctions of optical fibers and As shown in FIG. 1. two optical fibers la, lb having their 

optical waveguides in which the optical fiber is engaged in coating removed at the top end portions 2a, 2fc, arc mounted 

a V-shaped groove formed in a base plate manufactured in in two parallel V-shaped grooves 4a, 4b formed in an optical 

such a way that the end surfaces of the optical waveguides fiber holding member 3 and an ultraviolet-setting type 

are exposed. 65 adhesive (not shown) is applied thereto, this assembly being 

FIG. 17 is a view showing junctions of optical fibers and covered with a covering member 5. Since die rear end 
optical waveguides in which the optical fiber is inserted into portions of the polarization- main t ainin g optical fibers are 
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attached to optical fiber rotating mechanisms 9a, 9b oper- FIG. 4 shows a change in the upward peak values of the 

ating as optical fiber rotating members, the top end portions light intensity of the image of the outer peripheral portions 

2a, 2b arc rotatable substantially around the center axes of (side end portions) of the optical fiber when the distance L 

the cores of the optical fibers la, lb. The rotating media- between the image pick-up camera and the optical fiber is 

nisms 9a, 96 are driven by a controller 10 to adjust the angle 5 varied The optical fiber used in this measurement is an 

of the main axis of birefringence of each optical fiber to a elliptical core type optical fiber whose coating is removed, 

desired angle. and which has an outer diameter of 80 urn The abscissa 

The operation of the embodiment will be described below, indicates the moving distance of the camera, in which the 

referring to FIG. 2 to FIG. 14B. origin "0" is the position L M where the upward peak values 

Initially, the two optical fibers la, lb, having the coating 10 °f me USD* intensity of the image in the outer peripheral 

removed from the top end portions la, 2b, are mounted on portion of the optical fiber are ttuit'tt"?^. The unit of 

the two V-shaped grooves 4a, 4b for supporting the optical measure is urn. The ordinate indicates the value of light 

fibers. As shown in FIG. 3, the optical fiber la, the angle of intensity at the upper peak positions converted using an A/D 

the main axis of birefringence of which is to be aligned, converter, and the zero level is the light intensity received by 

among the two polarization-maintaining optical fibers la, ^ the CCD camera under a dark condition. 

lb, is placed on the optical axis of an image pick-up camera FIG. 5A is a schematic view showing an elliptical core 

6 between the image pick-up camera € and a light source 8. type polarization-maintaining optical fiber where the angle 

Next, using the image pick-up camera 6 as an image between the optical axis of an image pick-up camera and the 

obtaining means, the optical fiber is viewed from a direction main axis of birefringence in the direction of the major axis 

lateral to the propagation direction of waveguided light to ^ of the elliptical core is 0°, and FIG. SB is a graph showing 

obtain an enlarged image of the optical fiber (Step 202 of the light intensity distribution under that condition. FIG. 6A 

FIG. 2). That is, light is radiated from the light source 8 in is a schematic view showing an elliptical core type 

the lateral direction from below the optical fiber la so as to polarization-maintaining optical fiber where the angle 

cross the core, and the light passes through the optical fiber between the optical axis of an image pick-up camera and the 

la to obtain an enlarged image of the top end portion of the 2J main axis of birefringence in the direction of the major axis 

optical fiber la, as shown in FIG. 5B and the subsequent of the elliptical core is 5°, and FIG. 6B is a graph showing 

figures, with the CCD image pick-up camera 6*. the light intensity distribution under that condition. 

Then, a distribution of the image characteristic corre- fig. 7A is a schematic view showing an elliptical core 

sponding to the radial position of the optical fiber is obtained type polarization-maintaining optical fiber where the angle 

from the obtained enlarged image (Step 204). That is. a ^ between the optical axis of an image pick-up camera and the 

distribution of light intensity corresponding to the radial main axis of birefringence in the direction of the major axis 

position of the image of the optical fiber (not shown) can be of the elliptical core is 45°, and FIG. 7B is a graph showing 

calculated from the obtained data using an image processor the light intensity distribution under that condition. FIG. 8A 

7 - is a schematic view showing an elliptical core type 

Next, in the distribution of the image characteristic, the 35 polarization-maintaining optical fiber where the angle 

image obtaining means is adjusted so that the image char- between the optical axis of an image pick-up camera and the 

acteristic of the outer periphery of the optical fiber is main axis of birefringence in the direction of the major axis 

maximized (Step 206). That is. as shown in FIG. 3, the of the elliptical core is 90°, and FIG. 8B is a graph showing 

distance L between the camera and the optical fiber is varied the light intensity distribution under that condition, 

and adjusted so that the peaks 1, r in the light intensity of the 40 Here, the distance between the image pick-up camera 6 

image at the outer periphery (side end portions) S L , S F of the and the optical fiber 11 is adjusted with a resolution of 0.5 

optical fiber are maximized among the whole enlarged um in such a manner that the upward p eak values 1 and r of 

image. the light intensity of the image in the outer peripheral portion 

Then, a distribution of the image characteristic corre- S L S R of the optical fiber become minimum over the whole 

sponding to the radial direction of the optical fiber is 45 distribution of light intensity, as shown in FIG. SB; that is, 

obtained from the obtained enlarged image (Step 208). the light intensity of the image in the outer peripheral 

Further, die orientation of the rotating direction of the optical positions becomes larger than the light intensity at any other 

fiber around the center axis of the optical fiber, representing positions in the middle portion, for example, at the positions 

the rotational axis, is measured from the distribution of the a to c. In a case where the optical axis 14 and the main axis 

image characteristic after adjustment (Step 210). The distri- so of birefringence 15 are in parallel (FIG. 5A). the upward 

bution of the light intensity has a different characteristic peak value a of light intensity at the center portion of the 

depending on the angle of the main axis of birefringence. optical fiber becomes a maximum, as shown in FIG. 5B. and 

The reason for this is that the refractive indexes of constitu- the downward peak values b, c appear at positions on both 

ent elements of the polarization-maintaining optical fiber, sides thereof, while the differences in the light intensities 

such as those of the core, the cladding and the jacket, are 55 between a and b, and a and c are maximized The distribution 

different from one another, and at least one of the shapes of of the fight intensity is nearly symmetric with regard to the 

the constituent elements is asymmetric. position a, which corresponds to the center of the core 12. as 

Then, the orientation of the rotational direction of the the axis of symmetry, and the difference in light intensities 

optical fiber is aligned using the optical fiber rotating between the downward peak values b and c appearing at 

member based on the result of the measurement (Step 212). 60 nearly symmetric positions becomes a minimum 

That is. by judging the angle of the main axis of birefrin- When the optical fiber 11 is rotated clockwise so that the 

gence using the image processor 7 and by driving the angle between the optical axis 14 and the main axis of 

rotating mechanism 9a mounting the optical fiber la, the birefringence 15 becomes 5° (FIG. 6A). as shown in FIG. 

angle of the main axis of birefringence of which is to be 6B, the upward peak value a is smaller than the upward peak 

aligned, using the controller 10. the angle of the main axis 65 value a in FIG. 5B, and the differences in the light intensities 

of birefringence can be aligned by rotating the optical fiber between a and b, c are small, and the light intensity c is 

through a desired angle. smaller than the light intensity b. When the optical fiber 11 
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is rotated clockwise so that the angle between die optical of the light intensities to align the main axis of birefringence 

axis 14 and the main axis of birefringence 15 becomes 45° 15 and the optical axis 14 is 6 um, a range having a 

(HG. 7A), as shown in FIG. 7B. the absolute mount of half-value width of 5 um with respect to the center of the 

change in the light intensity in the vicinity of the upward optical fiber is sufficient for the detectable range even when 
peak value a and the downward peak values b, c is so small 5 taking the eccentricity of the core 12 into consideration, 

in comparison to those in FIG. SB and FIG. €B that it is Therewith, the time required for the image processing can be 

difficult to discriminate the peaks, and the light intensity c shortened 

becomes a little smaller than the light intensity b. ThereiD, ^ nG 1Q ghow te ^^^5 light 

in both the cases of FIGS. <5B. 7B. the upward peak values image pick-up camera 6 

1 ^ C ^ ^ ^ ^ u •< M 10 Seoptical fiber 11 which are larger by 5 um and 10 um. 

On the other hand, when me optical fiber 11 is rotated ns ^Sy^ an ^ where the upward peak values 

clockwise so t^ the angle ^^^^^ TanTr of the Ught intensity of the irnage iTTe outer 

£0^^^ P^phera^onP the opti^ fiber are n^^Je 

peakvalue a and the downward peak values b. c to an even t< distance between me image pick-up camara 6 and the opucal 

Seater extent than in the case ofaTangle of 45° (FIG. 7A. 15 fiber 11 is increased as shown in FIG. 9, the absolute 

FIG 7B) and the liaht intensity c and the light intensity b amount of change in the light intensity in the vicinity of the 

disappear " upward peak value a and the downward peak values b, c is 

As described above, by using the fact that different so small in comparison to those in FIG. 5B mat it is difficult 

characteristic distributions of light intensity can be obtained to discriminate the peaks, and then the light intensity is 

corresponding to the angle of the main axis of birefringence 20 inverted in such a manner that the upward peak value a in 

15, the controller 10 judges the difference in the rotational FIG. 5B change to the downward peak value a in FIG. It 

angle between the angle of the main axis of birefringence of and the downward peak values b.cin FIG. 5B changes to the 

me elliptical core type polarization-maintaining optical fiber upward peak values b, c in FIG. 10. 

1 mounted on the optical fiber holding member 3 shown in ^ or ^ a to mc ^s of birefringence with a high 

FIG. 1 and a desired angle* and the rotating mechanism 9 is 23 accuracy and a high reproducibility, it is very effective if the 

driven by the controller 10 so that the optical fiber 1 is ^stance between the image pick-up camera 6 and the 

rotated by this difference in the angles, and thereby the cllipdcal ^ type TOlarizauon-mamtaimng optical fiber is 

optical fiber can be aligned so that the main axis of bire- resolution of 5 or less in such a manner that 

fringence is set to a desired angle s without propagating kg* J 1 and r of the light intensity of the 

through the optical fiber Since the ^^^^ 30 J^jMw peripheral portion S "s„ of the optical 

gap between the upward peak value a and the upward nuail ^ over tiTwhole distribution ofligbt 

peakvalueborc isl^ » ^ „ ^ fa ma ^ that ^ whca to u £ t 

pick-up element in the image pick-up camera 6 should be 1 jJW. rf ^ ^ fa ^ ^ 

^ 01 less ' , , ^ t becomes larger than the light intensity at any of the other 

A polarization-mamtaining optical fiber array used as a 35 ition8 £% t ^ddle portion. 

junction to an ordeal waveguioe In a case where the distance between the image pick-up 

polanzation^taining optical fiben_ £ U -as eU^d ^ari^tion- 

^^^^^^^St niain^g ***** is adjusted so that^e UJt 

Xnment method described above, then hardening the 40 » me . P 01 * 0 * «reaponding to the center of the 

*E?**£ uSoSray, and polishing the 8 end " core 12 b me n^^rf bnxfrm^ce 15 can 

^rfaces of the optical fibers 1*1* the holo^member 3 be also adjusted fa r^rallel to fce optical axis 14. 

and the cover mTmber 5. Description will be made below of a case where an 

When the optical axis 14 and me main axis of birefrin- elliptical jaci^ty^^ 

gence ^ are niariy parallel to each other, as shown in FIG. 45 used as an o^calflr^ having axially asyrnmetric refractive 

5A,nG.SB,nG.6AandnG.6B,medifferenceinthelight distribution. 

intensities between the upward peak value a and the down- FIG. 11A is a schematic view showing an elliptical jacket 

ward peak value b or c is large, and accordingly the change type rjolarization-nuuntaining optical fiber where the angle 

in the distribution of light intensity is sensitive to the change between the optical axis of an image pick-up camera and the 

in the angle of the optical fiber. Therefore, the alignment 50 main axis of birefringence in the direction of the major axis 

accuracy can be improved to decrease alignment error to less of the elliptical jacket is 0°, andFIG. 11B is a graph showing 

man 5° by repeating the process to obtain enlarged images the light intensity distribution under that condition. FIG. 

of the optical fiber and to calculate the distributions of image 12A is a schematic view showing an elliptical jacket type 

characteristics while the optical fiber 11 is rotated, and once polarization-mamtaining optical fiber where the angle 

alignment of the optical axis 14 and the main axis of 53 between the optical axis of an image pick-up camera and the 

birefringence 15 has been accomplished, the optical fiber is main axis of birefringence in the direction of the major axis 

then rotated by the angle difference between the angle of the of the elliptical jacket is 5°. andFIG. 12B is a graph showing 

holding member and the desired angle. Further, the align- the light intensity distribution under that condition, 

ment accuracy can be improved and at the same time the FIG. 13 A is a schematic view showing an elliptical jacket 

time required for the alignment can be shortened by prede- 00 type polarization-maintaining optical fiber where the angle 

termining the angular difference of the optical axis 14 to the between the optical axis of an irnage pick-up camera and the 

holding member 3 when the optical axis 14 is parallel to the main axis of birefringence in the direction of the major axis 

main axis of birefringence 15 so that the angle of the main of the elliptical jacket is 45°, and FIG. 13B is a graph 

axis of birefringence 15 becomes the desired angle to the showing the light intensity distribution under that condition, 

holding member 3. 65 FIG. 14A is a schematic view showing an elliptical jacket 

Since the maximum difference between the detected posi- type pctafcation-maintaining optical fiber where the angle 
tions of the upward peak value and the downward peak value between the optical axis of an image pick-up camera and the 
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main axis of birefringence in the direction of the major axis portion a in the vicinity of the center of the optical fiber, 
of the elliptical jacket is 90°, and FIG. 14B is a graph Also, a pair of dark portions b, c appear at positions in the 

showing the light intensity distribution under that condition. inner peripheral side of these bright portions d, e of the 

As can be seen, a dear bright portion and a dark portion °P tical fibcr ' m nearl y symmetrical relationship, and a pair of 

do not appear in the vicinity of the middle position of the * clearly dark portions f, g having lower light intensity than 

optical fiber when the optical axis 14 and the main axis of ou^per^ery do not appear in the vicinity of the outer 

birefringence 21 are parallel (FIG. 11A) at the distance Sld f ,13^? ^ ^ u u 

where the upward peak values 1 and r of the light intensity . ^scri^ed above by using the fact that the character- 

of the image in theater periphery of the opS fiber are lzcd ^«Hrtions of light intensity can be obtained corre- 

maximum. but appear wiSn the range where the image w ^ n ^** m . c of ffie 3x18 of Wre^gence 15 

pick-up camera 6 is spaced from the optical fiber by 50pL £e elLpUcal jack* type poha^^maintMn^go^cal 

m * ^ „ * ' ~\ . / fiber mounted on the optical fiber holding member 3 shown 

^ C 1^ C t^£ n, T ^ pickup cam- in FIG. 1 can be aligned so that the main axis of birefrin- 

era and the optical fiber 16 is adjusted with a resolution of genC e is set to a desired angle without propagating light 

0.5 uminaposihon 10 urn apart n^me^toccL^ where through the optical fiber in the same manner as the elUptical 

the upwardpeak values 1 and r of the Intensity of the core ^ polarization-maintaimng optical fiber. SincVthe 

J"** *~ 5-57?* i V mannwak t me whole distn- nUnimum valuc of mc gap between the bright portion, 

button of the litfit intensity shown m FIG.5B; <hat is the excludi ^ outer peripheral portions of the optical! fiber, 

hght intensity of the image m the outer peripheral positions and ^ ^ ^ on ^ L6 ^ resolution ^ fee 

becomes larger than the light intensity at any other positions ^ pick-up element in the image pick-up camera 6 

in the middle portion. shouJd ^^^^ less , u is for the elliptical jacket 

In a case where the optical axis 14 and the main axis of type polarizauon-mamtaining optical fiber to improve the 

birefringence 15 in the major axis direction of the elliptical alignment accuracy by setting the main axis of birefringence 

jacket are in parallel (FIG. 11A), as shown in FIG. 11B, the 21 or the main axis of birefringence 22 in parallel to the 

distribution of light intensity is nearly symmetric with M optical axis 14. 

respect to the bright portion a, which corresponds to the This is because the distribution of the light intensity is 

center of the core 12, representing the axis of symmetry. nearly symmetric with regard to the center of the core. 

Also, a pair of bright portions d, e appear at nearly sym- representing the axis of symmetry, as shown in FIG. 11B. 

metric positions with respect to the axis in the vicinity of the rg. 14B, and in addition to this, as seen in FIG. 14B. it is 

center of the optical fiber, and the difference between the ^ possible to set the main axis of birefringence 21 or the main 

light intensities is minimized Further, a pair of dark portions axis of birefringence 22 in parallel to the optical axis 14 by 

b, c appear at positions in the inner peripheral side of these detecting the rotating angle of the optical fiber 16 which will 

bright portions d, e of the optical fiber in nearly symmetrical rninimize the difference in at least one pair of light intensi- 

positions with respect to the center of the bright portion a ties in the pairs of dark portions f and g. Therein, since the 

corresponding to the center of the core, but clearly dark 35 region in the vicinity of the center of the optical fiber where 

portions having lower light intensity than the outer periphery ^ bright portions d and e, the dark portions b and c and the 

do not appear in the vicinity of the outer side of the bright dark portions f and g are detected is within the range of a 

portions d, e. When the optical fiber 11 is rotated clockwise half-value width of 20 urn with regard to the center of the 

so that the angle between the optical axis 14 and the main core, a range having a half-value width of 25 urn with 

axis of birefringence 15 becomes 5° (FIG. 12A), as shown ^ respect to the center of the optical fiber is sufficient for the 

in FIG. 12B, the distribution of the light intensity does not detectable range even when taking into consideration the 

remain symmetric any more, and the bight portion corre- eccentricities of the core 17, the cladding 18 and the jacket 

spending to e in FIG. 11A is separated into two bright 19. Therewith, the time required for the image processing 

portions d, g and a dark portion e appears between them can be shortened. 

When the optical fiber 11 is further rotated clockwise so 45 Although, as an optical fiber having an axially asyminet- 

that the angle between the optical axis 14 and the main axis ric refractive index distribution, the elliptical core type 

of birefringence 15 becomes 45° (FIG. 13A), as shown in polarization- maintainin g optical fiber and the elliptical 

FIG. 13B, the distribution of the light intensity is not jacket type rwlarization-maintaining optical fiber have been 

symmetric since a bright portion h newly appears. However, described in the above embodiments, the invention is not 

a pair of bright portions d, e appear at nearly symmetric 50 limited to these. Alignment according to the present inven- 

positions with respect to the center of the bright portion a tion can be applied to polarization-maintaining optical fibers 

corresponding to the center of the optical fiber. Also, a pair having an axially asymmetric refractive index distribution, 

of dark portions b, c appear at positions in the inner such as so-called PANDA type, Bow-Tie type, and side-pit 

peripheral side of these bright portions d. e of the optical type, side-tunnel type optical fibers, or an absolute single 

fiber in Qeariy syrnraetrical relationship, and a pair of clearly 55 polarization optical fiber and a multi-core optical fiber in 

dark portions f, g having a lower light intensity man the which characteristic image processing results can be 

outer periphery do not appear in the vicinity of the outer side obtained depending on the rotational angle can be employed, 

of the bright portions d, e. Although description has been based on the use of a 

On the other hand, in a case where the angle between the two-fiber optical fiber array as an example in the above 

optical axis 14 and the main axis of birefringence 15 is 90° 60 embodiment, the invention is not limited to two-fiber 

(FIG. 14A), that is. in a case where the optical axis 14 and arrangement but can be applied to use of a multi-fiber or 

the main axis of birefringence 22 in the minor axis of the single fiber arrangement. The shape of the groove in the 

elliptical jacket are parallel, as shown in FIG. 14B, the optical fiber holding member 3 may be U-shaped, arc- 

distribution of light intensity is nearly symmeoic with shaped, rectangular or polygonal The optical fiber array 

respect to the bright portion a corresponding to the center of 65 may have a structure in which optical fibers 25a, 25b having 

the core. And. a pair of bright portions d, e appear at nearly an axially asymmetric refractive index distribution are 

symmetric positions with respect to the center of the bright inserted into two small holes 24a, 24b formed and arranged 
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in a holding member 23 as shown in FIG. 15, and the Another embodiment according to the present invention 

cross-sectional shape of the small holes 24*. 24b may be will be described in detail below, referring to FIG. 1 and 

circular, elliptical or polygonal. FIG. 21 and the following figures. 

Id an optical fiber array having more man two fibers, in As shown in FIG. 1, two optical fibers la, lb, having their 

order to lessen the connection excessive loss with an optical 5 coating removed in the top end portions 2a, 2b, arc mounted 

waveguide due to a positional displacement lower man 0. 1 ^ ^ parallel V-shaped grooves 4a 4ft formed in an optical 

dB, it is preferable if the diameter of the inside circle of the holding member 3 and an ultraviolet-setting type 

small holes 24a, 2Ab t at least at the portion where the end adhesive ( not sh 0W11 ) ^ applied thereto, this assembly being 

portions of the optical fibers are exposed, is larger than the ^ a member 5, since the rear end 

outer diameter of the optical fiber at the portion where the l0 p(Stlons 2c, 2o* of the polarization-matataining optical fibers 

coating is removed, by less than 2 urn. are attached to optical fiber rotating mechanisms 9a, 9b, 

Further, the rotational angle of the optical fibers 25a 25ft operating as optical fiber rotating members, the top end 

can be aligned using the method according to the present n$ ^ m rotatable substantially around the center 

invention for a junction of an optical fiber andi an optical ^ Qf me cores of the optical fibers la 1ft. 

waveguide where, as shown in FIG. 16, me optical Doers «_ m 

£ Kb having an axially asymmetric refritive index " *? *»<> ^j^ 5 , 1 * % 

d^ibutioo arTcogaged to v4aped grooves 29a, 29b removed in Hie top end portons 2a, Jfcw, mounted in the 

formed and arranged*, a base plateZ? Manufactured and two V-shaped grooves 4a, 4b for supporting the optical 

^c^oprovidt rwooptical waveguides 2^ 2to in such fibers. The opti^l fiber (for ^^.^^J^ 

amanner that the end surfaces 28a, 26b of the optical n 10 mainaxi* of birefringence of which u > to be > abgned. 

waveguides 26a, 26b are exposed. In this case, similar to (he 20 J™ pokruation-mairuairung optical fibers U 

« rfme optical fiber arra£the invention is not limited to is placednearly on the optical axis of an unagepickH^ 

f two-fiber ^rangement but can be also applied to a camera « between the image pick-up camera 6 and la tight 

mutt°fibef or single fiber arrangement Reshape of the source 8. Next, using the image pick-up camera « as an 

mum noer or suigic uwa 8^ arc- image obtaining means, the optical fiber is viewed from a 

groove formed in the base plate may be U-shaped, arc- B ^ lateral to the p^gXTdirecuon of waveguided 

shaped, rectangular or polygonaL JhU 0 obtain ^ enlarjedtaage of said optical fiber (Step 

The rotational angle of toeoptical fibers 25* 2Sb can be ^™ ^ 21) * r8d iatedfrom me tight 

aligned using the method according ; to the pr^minvention J^S™ ^ ^offrom below the optical finer 

for a junction of an *^ «« "f^f^^f l a so as to cross the core, and the light passes through me 

where, as shown in FIG. 17. ^^ fl ^ J5ft J» w enlarged image of the top end 

having an axially asymmetric refractive index distribution fiber U as shown in FIG. 22B and the 

are inserted into indentions having aarcular cross section ^^^XteCCD image pick-up camera 6. 

30a. 306 fanned and arranged in a base plate 27 manufac- auu^ucui "K^=>. " ^ *"-» * 

tared and arranged to provide two optical waveguides 26a, Then, a distribution of the image characteristic carre- 

26b in such a manner that the end surfaces 28* 28b of the 35 spending tothe radial position of me <£Ucal fiber i"**™* 

optical waveguides 26a. 26b are exposed. In this case. from the obtained enlarged image (Step 2104). That is. a 

similar to the case of the optical fiber array, the invention is distribution of light ^ity c«T^n<hng to the radial 

nTtimited to a two-fiber arrangement, but can be also position of the image of the optical fiber (not shown) can be 

applied to multi-fiber arrangements single fiber. The shape calculated from the obtained data using an image processor 

TthTgroove formed in the base plate may be U-shaped, «, 7. In the distribution of the tight utforty. 'characteristic 

arc shaped, rectangular or polygonaL curve having a different cr^ct^c <^ be obtained by 

Inortoto lessTthe J3» excessive loss with an varying the angle between the optical axis of the ^image 
c^calwavejrulde due to a positional displacement lower P'ck-up camera 6 and the mam axis of birefringence The 
, w *r*.~T , . , ■( .. f, „ f th , ; n . M , reason for this is mat the refractive index of each of die 

than theater diameter if the optical fiber it the portion dtferent from one ano** and atleast one of the shapes of 

where the coating is removed, by less than 2 urn me stmcturcs is asymmctne. 

As has been described above, according to the embodi- Next, in the distribution of the image dtaractensuc u the 

ments of the present invention, the following excellent » image obtaining means isadjusted so toat the timage ^char- 

effects can be attained. actensuc of the outer periphery of the optical fiber is 

*fc ^sible to realize an alignment method, an optical maximized I (Step 210$ I. That is t *e distance M the 

fiber Sg structure and an optical fiber junction in which camera and the optical fiber is vaned and adjusted so that die 

te^^*^oT*n& in a junction of an pe*.!. ^^e Ug^tensity of t^ image _ar the ou£ 

opticXer, having an axially asymmetric refractive index, 55 penphery (side end portions) S* S ff of the optical fiber are 

art an opUcal waveguide cJ be perfumed easily and in a maximized among the whole enlarged image, 

short time without propagating light through the optical Then, a distribution of image the characteristic cocre- 

fiber, by viewing the optical fiber from a direction lateral to sponding to the radial direction of the optical fiber is 

the propagating direction of guided light to obtain an obtained from the obtained enlarged image (Step 2108). 

enlarged image of the optical fiber, obtaining a distribution 60 Further, the orientation of the rotatmgcUrection of me optical 

of the image characteristics corresponding to the radial fiber around the center axis of the optical fiber, representing 

positions of the optical fiber image from the obtained the rotational axis, is measured from the distribution of the 

enlarged image, measuring the rotational angle around the image characteristic after adjustment (Step 2110). Therefore, 

center axis of the optical fiber, representing the rotational by judging the angle of the main axis of birefringence using 

axis, from the distribution of the image characteristic, and 65 the image processor 7 and by driving the rotating mecha- 

rotating the optical fiber through a desired angle based on the nism 9a mounting the optical fiber 2a the angle of the main 

measured result. axis of birefringence of which is to be aligned, using the 
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controller 10, the angle of the main axis of birefringence and fiber 2a as shown in FIG. 22A. and by measuring the 
the positional displacement of the axis of the core can be distance s between the left side edge of the outer periphery 
aligned The angle of the main axis of birefringence and the and the center of the core of the optical fiber 2a and the 
positional displacement of the axis of the core for the 5 distance t between the right side edge of the outer periphery 
optical fiber 26 can be also aligned in the same way. 5 and the center of the core of the optical fiber 2a with pixel 
FIG. 22A is a schematic view showing an elliptical core unit from the distribution of light intensity (22B). The 
type polarization-rnaintaining optical fiber where the angle positional axial displacement in this case has been found to 
between the optical axis of an image pick-up camera and the be 0.65 urn to the right side of the center of the optical fiber 
main axis of birefringence in the direction of the major axis 2a. 

of the elliptical core is 0°, and FIG. 22B is a graph showing I0 Next, the positional axial displacement of the other opti- 
the light intensity distribution under that condition. FIG. cal fiber 2b is measured by aligning the main axis of 
23A is a schematic view showing an elliptical core type birefringence 156 in the major axis direction of the elliptical 
polarization-maintaining optical fiber where the angle core 12b in the same way. The positional axial displacement 
between the optical axis of an image pick-up camera and the has been found to be 0.39 urn. Therefore, a polarization- 
main axis of birefringence in the direction of the major axis 15 maintaining optical fiber array 60 shown in FIG. 24, can be 
of the elliptical core is 90°, and FIG. 23B is a graph showing manufactured by setting again the optical axis 14b and the 
the light intensity distribution under that condition. Here, the main axis of birefringence 156 in parallel by rotating the 
distance between the image pick-up camera 6 and the optical optical fiber 2b by 180° so that the axial displacement is 
fiber 2a is adjusted with a resolution of 03 um in such a directed toward the right side, by hardening the adhesive by 
manner that the upward peak values 1 and r of the ligfrt ^ irradiating it with an ultra-violet ray, and by polishing the 
intensity of the image in the outer peripheral portion S L , S„ end surfaces of the optical fibers 2a, 2b, the holding member 
of the optical fiber become maximum over the whole 3 and the cover member 5. FIG. 24 is a view of the optical 
distribution of li#it intensity shown in FIG. 22B, that is, the fiber array taken on the plane of the line A — A of FIG. 1, 
light intensity of the image in the outer peripheral positions in FIG. 24, the main axes of birefringence 15a 156 of the 
becomes larger than the light intensity at any other positions M optical fibers 2a, 2b are perpendicular to the surface of the 
in the middle portion. holding member 3 (parallel to the plane of the figure), the 

In a case where the optical axis 14* of the image pick-up cores 12a, 12b arc perpendicular to the surface of the 
camera 6 and the main axis of birefringence ISa are adjusted holding member 3* and both of the cores 12a, 12b are 
so as to be in parallel to each other (FIG. 22A), the upward displaced toward the right-upper side with respect to the 
peak value a of light intensity at the center portion of the 30 centers 50a, SQb of the optical fibers 12a, 126. Further, the 
optical fiber 2a becomes a maximum, as shown in FIG. 22B, difference between the spacing PI between the two cores 
and the downward peak values b, c appear at positions on 12a, 126 and the spacing P2 between the two V-shaped 
both sides thereof, while the differences in the light inten- grooves 4a, 46 can be reduced below 0.1 urn, and the 
sities between a and b. and a and c are maximized Hie difference between the height hi of the core 12a taking the 
distribution of the light intensity is nearly symmetric with 35 bottom end portion 4aa of the V-shaped groove 4a as a 
regard to the position a, which corresponds to the center of bottom reference, and the height h2 of the core 126, taking 
the core 12a, as the axis of symmetry, and the difference in the bottom end portion 466 of the V-shaped groove 46 as a 
light intensities between the downward peak values b and c bottom reference can be reduced below 0.1 um. The reason 
appearing at the nearly symmetric positions becomes a why me direction of me axiai displacement in the major axis 
minim u m . 4q direction can be aligned only by aligning the orientation of 

On the other hand, when the optical fiber 2a is rotated so the axial displacement in the minor direction of the elliptical 
that the angle between the optical axis 14a and the main axis cores 12a and 126 is that the optical fibers 2a and 26 are 
of birefringence 15a becomes 90° (FIG. 23A), as shown in continuously cut from a string of one optical fiber. 
15 FIG. 23B. it is difficult to discriminate the upward peak After the rotational direction of the optical fiber 2a is 
value a and the downward peak values b, c, and the light 45 aligned as in the embodiment described above, by rotating 
intensity c and the light intensity b disappear. In a case where the optical fiber 26 by 90° in the same direction, an optical 
the angle between the optical axis 14a and the main axis of fiber array, in which the main axes of birefringence 15a, 156 
birefringence 15a is an angle excluding 0° and 90°, the are parallel to the surface of the holding member 3 and the 
difference in the light intensities between b and c becomes directions of the axial displacement arc aligned, can be 
large, though this is not shown by any figure. Since the so manufactured. Further, an optical fiber array similar to the 
distribution of the light intensity in the vicinity of the center one described above can be manufactured by predetermining 
of the optical fiber obtained here reflects the shape of the the orientations of the optical axes 14a, 146 in parallel to the 
elliptical core 12a, the difference between the refractive surface of the holding member 3 (parallel to the plane of the 
indexes of the core 12a and the cladding 13a and the angle figure) so that the orientations of the main axes of birefrin- 
between the optical axis 14a and the main axis of birefrin- 55 gence 15a, 156 become in parallel to the surface of the 
gence 15a, the position where the upward peak value a holding member 3 when the optical axes 14a and 146 are 
appears in FIG. 22A and FIG. 23A corresponds to the aligned in parallel to the main axes of birefringence 15a, 
position of the center of the core 12a. 156. 

As described above, the positional axial displacement in Similarly, in the case where the angle between the main 
the minor axis direction of the elliptical core 12a can be 60 axis of birefringence 15 and the major axis direction of the 
measured on the basis of the fact that characterized distri- elliptical core 12a (126) of the optical fiber 2a (26) is aligned 
butions of light intensity can be obtained corresponding to at 90°, as shown in FIG. 23 A, it is possible to manufacture 
the angle of the main axis of birefringence 15. by using an optical fiber array in which the main axes of birefringence 
elliptical core type optical fibers as the two polarization- 15a, 156 are parallel to the surface of the holding member 
maintaining optical fibers 2a, 26 shown in FIG. 1, by 65 3 and the positional axial displacements are aligned by 
adjusting the main axis of birefringence 15a in the major measuring the distances between the left side edge of the 
axis direction of the elliptical core 12a of one of the optical outer periphery and the center of the core of the optical fiber 



10/10/2003, EAST Version: 1.04.0000 



5,677,973 

19 20 

2a (2*) and the distance t between die right side edge of the As described above, similar to the case of an elliptical 

outer periphery and the center of the core of the optical fiber core type polarization-maintaining optical fiber, it is possible 

2a (26) with a pixel unit from the distribution of light to manufacture an optical fiber array in which the main axes 

intensity (FIG. 23B). and measuring the positional axial of birefringence are aligned and the positional axial dis- 

displacement in the major direction of the elUptical core 12c 5 placements are aligned based on the fact that the character- 

(12b). ized distributions of light intensity can be obtained coxre- 

A case where an elliptical jacket type polarization. sponding to the orientation of the mainaxis of birefr^ence 

maintaining optical fiber 16 is used as the optical fiber will 21 or me main axis of birefringence 22, by using elliptical 

he described Ttlow jacket type optical fibers as the two polanzation-nimtaining 

type pola^on-nvuntaining optical fiber where the an£e ™ elliptical jacket 19 of one of the optical fi&r 16 a* 

between the opned axis of f*^***- 0 **^™'*? shown inFIO. 25A or FIG. 1. 26A. and by measuring the 

main axis of birefringence in the direction of the major axis distance s be^^ me ie ft sWe edge of the outer periphery 

of me elliptical jacket is 0°. and FIG. 2SB is a graph showing ^ fte of ,he core of me optical fiber 16 and the 

the light intensity distribution under that condition. FIG. 15 distance t between ^ ^ sidc ^ of me ouKt P eri P 1 »«y 

26A is a schematic view showing an elliptical jacket type ^ ^ oft|K00(eof me fiber 16 with pixel 

polarization-maintaining optical fiber where the angle UQit from (j, e distribution of light intensity (FIG. 25B or 
between the optical axis of an image pick-up camera and the 

main axis of birefringence in Ibe direction of the iMjoraxb ^ ^ ^ 
of the elhptcal jacket is 90°, and FIG. ^ a graph 20 optical fiber and an elliptical jacket type 
showing the light intensity distribution under that condition. ^ urization '. I ^ nUinillg optical fiber have been employed 
The di^ce between the image pick-up aimers 1 6 .and fee ^ flbovc ^^b^^. However, since polarization- 
optical fiber 16 is adjusted with a resolution of 0.5 urn in the optical fibers having an axially asymmetric 
position 10 urn apart from the distance where the upward distribution such as so-called PANDA type, 
pe*k values 1 and r of the light ^^«%J™* e *°?2 23 Bow-Tie type, sidepit type, and side-mnnel type optical 
larger than a maximum over 0* > whdk attribution of the ^ polarization optical fiber and a 
light intensity, as shown in FIG. 25B. I tatis the light ^ ^J^^ ^alUeristic onage 
intensity of the image in the outer peripheral posibons • ^ depending on the rotational angle, it is 
becomes larger than the light intensity at any other positions * naw ^ an optical fiber army by setting a 
in the middle portion. 30 predetermined specific axis on the cross-sectional surface of 
In a case where, as shown in FIG. 25A, the optical axis 14 (he optical gt^ and the optical axis of an image pick-up 
and the main axis of birefringence 15 in the major axis camaa ^ parallel, by measuring the positional axial dis- 
direction of the elliptical jacket are in parallel, as shown in placement ^ me direction perpendicular to the specific axis 
FIG. 25B. the distribution of the light intensity is nearly ^ ^ ^ by aligning the rotational direction of 
symmetric with regard to the bright portion a. which cone- 35 the 0fAic! ^ fiber while taking into consideration the specific 
sponds to the center of the core 13, as the axis of symmetry, ^ ^ me displacement 
and a pair of bright portions d. e appear atne^y syinmetrK in a case of manufacturing an optical fiber array using an 
positions with respect totheax^in the vic^ rfthecenta a ncarly anally symmetric refractive 
of the optical ^,»McteWtt*c*^<x^y* index distribution, such as a single mode optical fiber, it Is 
intensifies is minimized. Further, a pair of dark portions b, 40 ^ to mcasure ^ distance from the outer periphery to 
c appear at positions in the ran* peroral side of ftese ^ ^ater of the core of the optical fiber in any arbitrary 
bright portions d. e of the optical fiber m neariy symmetrical ^ pixc] ^ although the distribution of light 
portions with respect to the center of the bright portion a orientation of the 
corresponding to the center of the core representing the axis 

of symmetry, but clearly darkens lower Ugh. « ^ ^ „, Monal ^ displacement of each 

mtensrty man the outer ^ «PJ^ * * C of optical fibers can be Measured by repeating measurement 

vicuuty of the outer side of the bright portions d .c. tftZpsitond ^ displacement to the center of the 

On the other hand, w a case where, as shown in FIG. 26A, optical fiberin me core center while the optical fiber is being 

the angle between the optical axis 14 and the main axis of f £ ted sroun(J ^ it is possible to manufacture an 

birefringence 15 is 90°, that is. in a case where the optical so q fibQ . b a|ignin ^ ^ rotatiolla i direction of the 

axis 14 and the main axis of birefringence 22 in the minor ^ whik taking into consideration the positional 

axis direction of the elliptical jacket are parallel, as shown „fL disolaceinent. 

in FIG. 2ffl. thedisttflH.tion ^^^j^* Atoough an embodiment has been described taking a 

symmetric wtth respect ^^.^".f^T^l tw£fiba^tical fiber array as an example, the invention is 

to the center of the core. And, a pair of ta^mons <U e « a Wo . flbe r arrangemenrbut three-fibers or 

appear at neariy symmetnc positions with respect to the ™ ~V„ w, „_,,_«, 6 

center of the bright portion a in the vicinity of the center of more may be applicable 

toe optical fio^anoTpair of dark portions b, c appear at According to the embodiments of the present invention 

POsitionronthTmner peripheral tide ofmesebright^ruons which have been described above, the following excellent 
d, e of the optical fiber in neariy symmetrical positions, and «o effects S can be attained. 

a pair erf clearly dark potions f, g having a lower light B is possible to manufacture an optical fiber amy in 

intensity than the outer periphery do not appear in the which the spacing between the cores of adjacent optical 

vicinity of the outer side of the bright portions d, e. In a case fibers and the distance from the surface of an optical fiber 

where the angle between the optical axis 14o and the main holding member to the cores are uniform, 
axis of birefringence ISo is an angle excluding 0° and 90°, 6S The connecting loss due to the positional displacement 

the symmetry in the distribution of tight intensity between the optical fiber array and the optical waveguide 

disappears, though this is not shown by any figure. array can be decreased. 
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The production yield of the optical fiber array can be 
improved, and accordingly the cost can be decreased. 

The requirement as to the axial displacement in an optical 
fiber to be used for an optical fiber array can be moderated, 
and accordingly the production yield of the optical fiber is 
improved and the production cost can be decreased. 

What Is claimed is: 

1. An optical fiber holding structure having a holding 
member for holding at least one optical fiber having an 
axialiy asymmetric refractive index distribution, wherein 
said optical fiber is viewed from a direction lateral to the 
propagating direction of guided light in the optical fiber 
using an image obtaining means to obtain an enlarged image 
of said optical fiber, a distribution of image characteristics 
corresponding to different radial positions of the optical fiber 
image is obtained from the obtained enlarged image, the 
image obtaining means is adjusted so that the image char- 
acteristics at outer peripheral portions of the optical fiber are 
maximized in the distribution of image characteristics, an 
orientation of the rotational direction around the center axis 
of the optical fiber serving as a rotational axis is measured 
from the distribution of the image characteristics alter said 
adjusting, and the orientation of the rotational direction of 
the optical fiber is aligned with an optical fiber rotating 
member based on the measured result 

2. An arrangement for orienting a junction coupling at 
least one optical fiber having an axialiy asymmetric refrac- 
tive index distribution and at least one optical wave-guide, 
comprising image obtaining means for viewing said optical 
fiber from a direction lateral to the propagating direction of 30 
guided light in the optical fiber to obtain an enlarged image 

of said optical fiber, means for obtaining a distribution of 
image characteristics corresponding to different radial posi- 
tions of the optical fiber image from the obtained enlarged 
image, the image obtaining means being positioned with 35 
respect to the optical fiber so that the image characteristics 
at outer peripheral portions of the optical fiber are maxi- 
mized in said distribution of image characteristics, means 
for measuring an orientation of the rotational direction 
around the center axis of the optical fiber serving as a 
rotational axis from the distribution of the image 
characteristics, and means for aligning the orientation of the 
rotational direction of the optical fiber using an optical fiber 
rotating member based on a measured result produced by 
said measuring means. 

3. An arrangement for orienting an optical fiber array 
having a plurality of optical fibers and an optical fiber 
holding member, comprising: 

image obtaining means for obtaining an enlarged lateral 
image of each of the optical fibers, means for obtaining 
a distribution of image characteristics corresponding to 
different radial positions of each optical fiber image 
from the obtained enlarged images, the image obtaining 
means being positioned with respect to said optical 
fibers so that the image characteristics at outer periph- 
eral portions of each optical fiber are maximized In 
each distribution of the image characteristics, means 
for measuring an axial displacement of the core center 
with respect to the center of an optical fiber from a 



40 



45 



50 



55 



alignment of the orientation of the rotational direction of the 
optical fiber is performed by said adjusting means so that the 
axial displacement is directed to a desired direction. 

5. A method of aligning optical fibers having an axialiy 
asymmetric refractive index distribution or of aligning an 
optical fiber to an optical element in a junction, the method 
comprising the steps of: 

viewing said optical fiber from a direction lateral to the 
propagating direction of guided light in the optical fiber 
using an image obtaining means to obtain an enlarged 
image of said optical fiber; 

obtaining a distribution of image characteristics corre- 
sponding to radial positions of the optical fiber image 
from the obtained enlarged image; 

adjusting the image obtaining means so that the image 
characteristics at outer peripheral portions of the optical 
fiber are maximized in said distribution of image char- 
acteristics; 

measuring an orientation of the rotational direction 
around the center axis of the optical fiber from said 
distribution of image characteristics after said adjust- 
ing; and 

aligning the orientation of the rotational direction of the 
optical fiber using an optical fiber rotating member 
based on the measured result 

6. A method of aligning an optical fiber having an axialiy 
asymmetric refractive index distribution according to claim 
5. wherein the direction of a preset specific axis on the 
cross-sectional surface of the optical fiber is aligned by 
rotating the optical fiber after said specific axis is once 
aligned in parallel to the optical axis of the image obtaining 
means by repeatedly obtaining enlarged images of the opti- 
cal fiber from various rotational directions around the center 
axis of the optical fiber, extracting the distributions of image 
characteristics for each image and, at the same time, detect- 
ing the orientation of the rotational direction of the optical 
fiber based on preset distributions of image characteristics. 

7. A method of aligning an optical fiber having an axialiy 
asymmetric refractive index distribution according to claim 
5, wherein the direction of the optical axis of said image 
obtaining means to an optical element, including at least one 
of an optical wave-guide or an optical fiber holding member, 
is determined, so that the direction of a preset specific axis 
on the cross- sectional surface of the optical fiber is oriented 
in a desired direction with respect to the optical medium or 
the optical fiber holding member when the direction of said 
specific axis is aligned in parallel to the optical axis of the 
image obtaining means, by repeatedly obtaining enlarged 
images of the optical fiber from various rotational directions 
around the center axis of the optical fiber, extracting the 
distributions of image characteristics for each image and. at 
the same time, detecting the orientation of the rotational 
direction of the optical fiber based on preset distributions of 
image characteristics. 

8. A method of aligning an optical fiber having an axialiy 
asymmetric refractive index distribution according to any 
one of claim 6 or claim 7. wherein said optical fiber is an 
elliptical core type optical fiber, said distribution of the 



distribution of image characteristics after said 60 image characteristics is a distribution of light intensity, said 



adjusting, and means for adjusting the pitches of cores 
or making them uniform by aligning said axial dis- 
placement with respect to the optical fiber holding 
member using an optical fiber rotating mechanism. 
4. An arrangement for an optical fiber array according to 65 
claim 3. wherein all of said optical fibers are manufactured 
by continuously cutting one string of optical fiber, and the 



specific axis is the major axis of the elliptical core, the major 
axis of the core being aligned in parallel to the optical axis 
of the image obtaining means by detecting a direction in 
which the upward peak value of the light intensity is nearly 
maximized or the downward peak value of the light intensity 
is nearly minimized in the middle portion of the optical fiber 
and its vicinity. 
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9. A method of aligning an optical fiber having an axially image obtaining means, the distribution of image character- 
asymmetric refractive index distribution according to any istics includes a pair of bright portions at positions nearly 
one of claim 6 or claim 7. wherein said optical fiber is an symmetrical with respect to the center of the core serving as 
elliptical core type optical fiber, said distribution of the an axis of symmetry, a p^ of dark portions m Ac pinner sides 
toage dun^Oks ba distribution of light intensity, said J of the bright portions of thecptiad fiber and at portions 

Sfic axis is the major axis of the elliptic core, the major TTf ^T* * ? "Tt^ 

. . ZZ*Li ^ «„fiv»i otu no clearly dark poitioas in the vicinity of the outer sides of 

axis of the core being aligned in , paraDel^ to jfae op^la^ X a ^ Ugnt intensity than 

of the ^* ohx *^»^y detecting a ejection m ^ peripheral sides. 

which the difference between the upward peak value and the *~ w A method of ^^jigm optical fiber having an axially 

downward peak value of the light intensities in the middle 10 w ^ refractive index distribution according to claim 

portion of the optical fiber and its vicinity is maximized. g said image obtaining means is an image pick-up 

10. A method of aligning an optical liber having an axially camera. 

asymmetric refractive index distribution according to any 15 A method of aligning an optical fiber having an axially 

one of claim 6 or claim 7, wherein said optical fiber is an asymmetric refractive index distribution according to claim 

elliptical core type optical fiber, said distribution of the 13 5 whcrcin me resolution limited by an image input means 

image characteristics is a distribution of light intensity, and placed ^ me forming plane of said image obtaiiiing 

said specific axis is the major axis of toe elliptical core, the mcans h sma[isT ^ l 6 ^ 

major axis of the core being aligned in parallel to the optical 16 A method of aligning an optical liber having an axially 

axis of the image obtaining means by detecting a direction asyrametric refractive index distribution according to claim 

in which the upward peak value of the light intensity is 20 ^ whcrdn gai(J opdcj|1 fibcr and a light source are arranged 

nearly maximized or the downward peak value of the light substantially m a planc through the optical axis of said image 

intensity is nearly minimized in the middle portion of the obtaining tDj ^ ns goasto sandwich said optical fiber between 

optical fiber and its vicinity, the distribution of the image ^ . c obtainillg ^ said light source, light being 

characteristic being nearly symmetrical to the center of the radi ated from a lateral side of said optical fiber in a direction 

core forming an axis of symmetry, the difference in at least 25 crossing the core of the optical fiber, an image of the optical 

one pair of downward peak values or upward peak values of fiber bdjl ^ obtained with transmitted light passing through 

light Intensities appearing at the nearly symmetrical posi- (he ^cal fi5cr 

tions with respect to the center axis of the core in the vicinity 1? Amc thod of aligning an optical fiber having an axially 

of the central portion of the optical fiber being mininiized. asymmetric refractive index distribution according to daim 

11. Amethod of aligning an optical fiber having an axially 30 s/wherein said optical fiber is an elliptical core type optical 
asymmetric refractive index distribution according to any flbcr Sflid distribution of image characteristics is a distribu- 
one of claim 6 or claim 7. wherein said optical fiber u an Uon of ^ intensity, and the distance between the image 
elliptical jacket type optical fiber, said distribution of the obtainin g means and the optical fiber is adjusted with a 
image characteristics is a distribution of light intensity, said reso lution smaller than 5 urn. 

specific axis is any one of the major axis and the minor axis 35 i& A method of aligning an optical fiber having an axially 

of the elliptical jacket of the optical fiber, the distribution of asymmetric refractive index distribution according to claim 

the image characteristics are nearly symmetrical with 5 herein ^ fibcr is ^ elliptical jacket type 

respect to the center axis of the core serving as an axis of fibcr ^ distribution of the image characteristics is 

symmetry, any one of the major axis and the minor axis of a distribution of light intensity, the distance between the 

said elliptical jacket being aligned in parallel to the optical 40 ^ caning means and the optical fiber is within a range 

axis of the image obtaining means by detecting a rotational between a position where a upward peak value of the light 

direction of the optical fiber in which the difference in at mte nsity of the image in the periphery of the optical fiber, 

least one pair of bright portions or dark portions of light exduding me vicinity of the core, is maximized and a 

intensities, among bright portions and dark portions appear- potion where the image obtaining means and the optical 

ing at nearly symmetrical positions with respect to the center 45 fibcr ^ spaced from sa id position nearly by 50 urn. 

axis of the cere in the vicinity of the central portion of the J0 A method of aligning orientations of the rotational 

optical fiber, is nunimized direction of optical fibers in an optical liber array having a 

1Z Amethod of aligning an optical fiber having an axially plurality Q f optical fibers and an optical fiber holding 

asymmetric refractive index distribution according to claim mem ber, ^ method comprising the steps of: 
11, wherein said specific axis is the minor axis of an 50 o5taining M enlarged image of a lateral view of each of 

elliptical jacket, and when the direction of said miner axis is optical fibers using an image obtaining means; 

aligned in parallel to the optical axis of satt image obtaimng otaU £ a distribution of image characteristics corre- 

™™< ^*£*l? n of * e ^ ^Tdmg SSLt mdiaStions of the optical fiber 

a pair of br^ht portions at positions nearly symmefrical to imageTfrom each of the obtained enlarged images; 

the center of the core serving as an axis of symmetry, a pan 55 wa&x uvm cawi ui ui* wwmcu » . 

of dark portions in the inner sides of the bright portions of adjusting the image obtaining means so that imagechar- 

ieTticTfiber and at positions nearly s^meK with acieristics at outer ^^P^^^ 

respect to the center of me core and a pair of clearly dark fiber are maximized in each distribution of image 

portions in the vicinity of the outer sides of the bright characteristics; 

portions and at positions nearly symmetrical with respect to 60 measuring an axial displacement of the core center to the 

the center axis of the core having a lower light intensity than center of the optical fiber from said distribution of 

that in the outer peripheral sides. characteristics after said adjusting; and 

13. A method of aligning an optical fiber having an axially aligning the axial displacement with respect to the optical 

asymmetric refractive index distribution according to claim fiber holding member using an optical fiber rotating 

11. wherein said specific axis is the major axis of an elliptical 65 mechanism. 

jacket of the optical fiber, and when the direction of said 2#. A method of aligning orientations of the rotational 

major axis is aligned in parallel to the optical axis of said direction of optical fibers in an optical fiber array having a 
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plurality of optical fibers and an optical fiber holding 
member, the method comprising the steps of: 

obtaining an enlarged image of a lateral view of each of 
the optical fibers using an image obtaining means; 

obtaining a distribution of image characteristics corre- 
sponding to different radial positions of the optical fiber 
images from each of the obtained enlarged images; 

measuring an axial displacement of the core center to the 
center of the optical fiber from said distribution of 
image characteristics; and 

aligning the axial displacement with respect to the optical 
fiber holding member using an optical fiber rotating 
mechanism. 

21. A method of aligning orientations of the rotational 
direction of optical fibers in an optical fiber array having a 
plurality of optical fibers and an optical fiber holding 
member, the method comprising the steps of: 

obtaining enlarged images of a lateral view of at least one 
optical fiber using an image obtaining means; 

obtaining a respective distribution of image characteris- 
tics corresponding to each of a plurality of radial 
positions of the optical fiber image from the obtained 
enlarged images; 

adjusting the image obtaining means so that image char- 
acteristics at outer peripheral portions of the optical 
fiber are maximized in said distribution of image char- 
acteristics; 

measuring an axial displacement of the core center of the 
optical fiber to the center of the optical fiber for said 
optical fiber using at least two of said distributions of 
image characteristics of the optical fiber with varying 
viewing angles for each of the optical fibers after said 
adjusting; and 

aligning said axial displacement with respect to the opti- 
cal fiber holding member using an optical fiber rotating 
mechanism by rotating the optical fiber with respect to 
the holding member. 

22. A method of aligning orientations of the rotational 40 
direction of optical fibers in an optical fiber array having a 
plurality of optical fibers having an axially asymmetric 
refractive index distribution and an optical fiber holding 
member, the method comprising the steps of: 
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member for each of the optical fibers by rotating the 
optical fiber or the holding member for holding the 
optical fiber. 

23. A method of aligning orientations of the rotational 
direction of optical fibers in an optical fiber array having a 
plurality of optical fibers having an axially asymmetric 
refractive index distribution and an optical fiber holding 
member, the method comprising the steps of: 

obtaining enlarged images of an optical fiber in various 
rotational directions with respect to the center axis of 
the optical fiber from a direction lateral to the propa- 
gating direction of guided wave in the optical fiber for 
each of the optical fibers using an image obtaining 
means; 

obtaining a distribution of image characteristics corre- 
sponding to the radial positions of the optical fiber 
image from the obtained enlarged images; 

aligning a predetermined specific axis on the cross sec- 
tional plane of the optical fiber to the optical axis of the 
image obtaining means by detecting an orientation of 
the rotational direction of the optical fiber which will 
exhibit a predetermined distribution of image charac- 
teristics; 

measuring an axial displacement of the core center with 
respect to the center of the optical fiber from the 
distribution of the image characteristics; and 

aligning or presetting the optical axis of the image obtain- 
ing means to the holding member for each of the optical 
fibers so that the orientation of the specific axis of each 
of the optical fibers is directed in a desired direction 
with respect to the optical fiber holding member when 
the specific axes of all the optical fibers are aligned in 
parallel to the optical axis of the image obtaining means 
by rotating the optical fibers by 180° to positions of 
axial displacement which do not agree with the desired 
positions or with the positions of axial displacement of 
more than a half-number of the optical fibers. 

24. A method of aligning orientations of the rotational 
direction of optical fibers in an optical fiber array according 
to any one of claim 19 to claim 23, wherein said distribution 
of image characteristics is a distribution of light intensity. 



obtaining enlarged images of an optical fiber in various 45 the position of axial displacement is measured from the 



rotational directions with respect to the center axis of 
the optical fiber from a direction lateral to the propa- 
gating direction of guided wave in the optical fiber for 
each of the optical fibers using an image obtaining 
means; 

obtaining a distribution of image characteristics corre- 
sponding to the radial positions of the optical fiber 
image from the obtained enlarged images; 

aligning a predetermined specific axis on the cross- 
sectional plane of the optical fiber to the optical axes of 
the image obtaining means by detecting an orientation 
of the rotational direction of the optical fiber which will 
exhibit a predetermined distribution of image charac- 
teristics; 

measuring an axial displacement of the core center with 
respect to the center of the optical fiber from the 
distribution of the image characteristics; and then 

aligning the orientation of the specific axis and the axial 
displacement with respect to the optical fiber holding 
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distance between a bright portion or dark portion corre- 
sponding to the outer periphery of the optical fiber and a 
bright portion or dark portion corresponding to the core or 
the center of the core. 

25. A method of aligning orientations of the rotational 
direction of optical fibers in an optical fiber array according 
to any one of claim 22 and claim 23, wherein said optical 
fiber is a polarization - maintaining optical fiber, and said 
specific axis is a main axis of birefringence of the optical 
fiber. 

26. A method of aligning orientations of the rotational 
direction of optical fibers in an optical fiber array according 
to claim 25, wherein said optical fiber is an elliptical core 
type polarization-maintaining optical fiber. 

27. A method of aligning orientations of the rotational 
direction of optical fibers in an optical fiber array according 
to claim 25, wherein said optical fiber is an elliptical jacket 
type polarization-maintai ni ng optical fiber. 
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